We present a long-duration (∼10 years) statistical analysis of the temperatures, plasma betas, and temperature ratios for the electron, proton, and alpha-particle populations observed by the Wind spacecraft near 1 AU. The mean(median) scalar temperatures are T e,tot = 12.2(11.9) eV, T p,tot = 12.7(8.6) eV, and T α,tot = 23.9(10.8) eV. The mean(median) total plasma betas are βe,tot = 2.31(1.09), βp,tot = 1.79(1.05), and βα,tot = 0.17(0.05). The mean(median) temperature ratios are (T e/T p) tot = 1.64(1.27), (T e/T α) tot = 1.24(0.82), and (T α/T p) tot = 2.50(1.94). We also examined these parameters during time intervals that exclude interplanetary (IP) shocks, times within the magnetic obstacles (MOs) of interplanetary coronal mass ejections (ICMEs), and times that exclude MOs. The only times that show significant alterations to any of the parameters examined are those during MOs. In fact, the only parameter that does not show a significant change during MOs is the electron temperature. Although each parameter shows a broad range of values, the vast majority are near the median. We also compute particle-particle collision rates and compare to effective wave-particle collision rates. We find that, for reasonable assumptions of wave amplitude and occurrence rates, the effect of waveparticle interactions on the plasma is equal to or greater than the effect of Coulomb collisions. Thus, wave-particle interactions should not be neglected when modeling the solar wind.
Understanding the relationship between various macroscopic parameters for the different species of a gas is critical for understanding the evolution and dynamics of said gas. A gas in thermodynamic equilibrium exhibits equal temperatures between all constituent species, i.e., (T s ′ /T s) tot = 1 for s ′ = s (see Appendix A for further details and parameter/symbol definitions) and does not allow for heat flow. The phase-space distributions for the constituents of a gas in thermodynamic equilibrium are isotropic, they exhibit no skewness (i.e., heat flux), and they are centered at the same bulk flow velocity. A subtle contrast exists for thermal equilibrium where one still maintains (T s ′ /T s) tot = 1 for s ′ = s but this does not require isotropic or uniformly flowing velocity distributions, e.g., one can have heat fluxes or counter-streaming populations (e.g., Evans & Morriss 1990; Hoover 1986) . A non-equilibrium gas can exhibit (T s ′ /T s) tot = 1, among other departures from a maximal entropy state. If the temperatures are massproportional, i.e., uniform thermal speeds, then the species can be said to have the same velocity distribution (e.g., Ogilvie & Wilkerson 1969) .
Generally, a gas requires some form of irreversible energy dissipation and transfer between species to reach thermodynamic equilibrium. In the Earth's atmosphere, the primary mechanism is binary particle collisions (e.g., Petschek 1958; Shu 1992) . In the ionized gas or plasma of the solar wind Coulomb collisions play a role but the collision rate is often too low to drive (T s ′ /T s) tot → 1 as the plasma convects to Earth from the sun (e.g., Kasper et al. 2008; Maruca et al. 2013) . Because the collision rate is often so low, the solar wind is typically considered a collisionless plasma (or at the very least a weakly collisional plasma). Determining the initial nonequilibrium (T s ′ /T s) tot = 1 state of the gas and how it is established is critical to understanding its evolution and dynamics.
The relationship between various plasma parameters for the different major solar wind species is not well understood but understanding is critical for predicting the evolution and dynamics of the solar wind. Some of the most important parameters are (see Appendix A for definitions): the scalar temperatures T s,j of species s, temperature ratios (T s ′ /T s) j , and plasma betas βs,j (where j = tot, , or ⊥, i.e., the component with respect to the quasi-static magnetic field, Bo). While some of these parameters have been measured in previous work (e.g., see Tables 4, 5 , and 6 in Appendix C), we are not aware of a comprehensive statistical study of these parameters in the literature using data from a single spacecraft.
Many of these plasma parameters are critically important for theoretical and observational work using spacecraft that cannot measure, for instance, the electron distributions. Most previous studies were case studies or limited to one parameter without summarizing tables providing quantities for future reference and independent of comparison to other parameters. For instance, the study by Newbury et al. (1998) is one of the only studies that directly compared the electron and proton temperatures for a long-duration (i.e., more than 1 year), statistically significant dataset (they used 18 months of ISEE 3 data). It is also one of the most often cited works 1 for the average values of the ratio (T e/T p) tot in the solar wind. However, it relied on five minute averages for only 18 months of data or ∼160,000 measurements.
One of the reasons there have been no long-duration statistical studies is because making an accurate measurement of, for instance, the full electron velocity distribution is very difficult. The spacecraft needs to unambiguously measure the total electron density using quasi-thermal noise spectroscopy (e.g., Meyer-Vernet & Perche 1989; Pulupa et al. 2014a,b) 1 There were 71 citations on SAO/NASA ADS as of February 26, 2018. or the spacecraft electric potential or both. Both of these measurements require accurate electric field instrumentation with the former requiring radio frequency measurements above the local upper hybrid frequency (e.g., Pulupa et al. 2014a,b) and the latter accurate, DC-coupled monopole measurements (e.g., Cully et al. 2007) . Only recently with the high quality instrumentation and calibrated measurements by the Wind spacecraft have truly long-duration, single spacecraft statistical studies of the solar wind been possible.
In this paper we describe the first long-duration statistical analysis of the temperatures, plasma betas, and temperature ratios of electrons, protons, and alphaparticles observed by the Wind spacecraft near 1 AU between January 1995 and January 2005 comprised of over one million measurements. That is, this study spans from the end of solar cycle 22 (i.e., March 1986 to May 1996) through much of solar cycle 23 (i.e., June 1996 to December 2008). However, since the study does not span multiple complete solar cycles, we cannot perform a proper solar cycle dependence analysis. This work is timely as it will provide a statistical baseline for the upcoming Solar Orbiter (Müller et al. 2013) and Parker Solar Probe (Fox et al. 2016 ) and future IMAP missions.
The paper is outlined as follows: Section 2 introduces the data sets, databases, and methodology used herein; Section 3 describes the statistical results; and Section 4 presents the discussion and conclusion. We also include appendices that provide additional details for the reader of the parameter definitions (Appendix A), collision rates (Appendix B), and summaries of previous work (Appendix C).
DATA SETS AND METHODOLOGY
In this section we introduce the instrument data sets, shock database, interplanetary coronal mass ejection (ICME) catalog, the data selection method, and the analysis techniques used to examine the solar wind plasma observed by the Wind spacecraft (Harten & Clark 1995) near 1 AU. The symbol/parameter definitions can be found in Appendix A. Note that the purpose of the study is not to evaluate the quality of the datasets but to provide a concise summary of the statistical properties of some critically important solar wind parameters near 1 AU.
Instruments
Quasi-static magnetic field vectors (B o) were taken from the Wind /MFI dual, triaxial fluxgate magnetometers (Lepping et al. 1995) using the one minute cadence data. The components of some parameters used herein are defined with respect to B o using the subscript j.
That is, for all temperature-dependent parameters we compute the values for the entire distribution (j = tot), the parallel component (j = ), and the perpendicular component (j = ⊥).
The proton and alpha-particle densities (ns) and temperatures (T s,j ) were taken from the Wind /SWE Faraday Cups (FCs) (Ogilvie et al. 1995) at a ∼92 second cadence covering an energy-per-charge range of ∼150-8000 eV/C. The velocity moments were calculated using a nonlinear least-squares fit of bi-Maxwellians to each species ). The SWE FCs have an variable energy(speed) resolution of ∼6.5-13%(∼3.3-6.5%), depending on energy window. The ion moments are constrained assuming quasi-neutrality, i.e., ne = np + 2nα, where ne is taken from the WAVES/TNR observations (see explanation below).
The electron densities (ne) and temperatures (T e,j , where j = tot, , or ⊥) were taken from the Wind /3DP electron electrostatic analyzers (Lin et al. 1995) with a ∼45 or ∼78 second cadence and constant energy bin width of ∼20%. The electron distributions are constructed by merging the data from the EESA Low and EESA High instruments (e.g., see Wilson III et al. 2009 , 2010 , for instrument details) from the 3DP suite following a similar method to that in Pulupa et al. (2014a) . However, instead of separating the electron distributions into the core, halo, and strahl components, the velocity moments are directly computed from the merged instrument measurements. The energy range of EESA Low and High are commandable but a notable point is that the lowest energy channel setting is ∼3 eV (more commonly the instrument is set to Emin ∼ 5 eV). Thus, with a ∼20% energy bin width an approximation of the lowest resolvable temperature would be ∼2 eV without fitting to a model function.
In order to obtain accurate electron moments, EESA measurements must be corrected for the effects of spacecraft floating potential. We estimate spacecraft potential following the methods in Salem et al. (2001) . We note that unlike many previous missions, Wind can unambiguously measure the total electron density by observing the upper hybrid line (also called the plasma line) with the WAVES/TNR instrument (Bougeret et al. 1995) . Analysis of the upper hybrid line via the technique of quasi-thermal noise spectroscopy (Meyer-Vernet & Perche 1989) yield an accurate measurement of ne unaffected by spacecraft potential. The unbiased value of ne measured by TNR is used to validate and refine the spacecraft potential correction, improving accuracy of the electron moments.
The study is limited to data derived from velocity moments of the entire species over the observed energy ranges, e.g., we do not separate the electron data into the core, halo, or strahl components (e.g., Bale et al. 2013; Horaites et al. 2018; Pulupa et al. 2014a ) nor do we account for secondary proton beam contributions (e.g., Wicks et al. 2016) . We also do not separate the distributions by fast or slow solar wind speeds, as this will be addressed in detail in a future study that will also examine the subcomponents of each species [e.g., Salem et al. in preparation] .
Lists and Data Selection
The 3DP dataset spans from January 1, 1995 to December 31, 2004, thus we limit all results and analysis to that time range. As this does not span a solar cycle, we did not perform any solar-cycle-dependent analyses.
We measure the plasma parameters observed by Wind and separate into four categories based upon five constraints (see below for definitions): all times (Constraints 1 and 2), all times excluding interplanetary (IP) shocks (Constraints 1-3), only times within magnetic obstacles (MOs) (e.g., Nieves-Chinchilla et al. 2016 ) (Constraints 1, 2, and 4), and all times excluding MOs (Constraints 1, 2, and 5). We define five constraints to limit the "low quality" data from the analysis and provide a concise, objective reference for the four categories listed above. We defined the constraints as: Constraint 1: Require the 3DP and SWE fit flags be ≥ 5 and 10, respectively. The fit flags are statistical estimates of the quality of the model fit results. The SWE fit flag also indicates whether a constraint was imposed to find a stable solution in the fitting algorithm, i.e., a SWE fit flag = 10 means no assumptions or constraints were necessary. Prior to computing any quantity or ratio, we constructed a uniform grid of two minute intervals spanning from January 1, 1995 00:00:33.565 UTC to January 1, 2005 00:00:33.565 UTC. All data falling within any two minute bin are averaged and from those averages we compute the temperature ratios and plasma betas. We compute the electron-to-proton, (T e/T p) j , electron-toalpha, (T e/T α) j , and alpha-to-proton, (T α/T p) j temperature ratios . We also compute the electron (βe,j), proton (βp,j), and alpha-particle (βα,j) plasma betas. Further details and parameter/symbol definitions can be found in Appendix A.
The SWE FC instrument does not always fully resolve the proton and alpha-particle peaks. Thus, the total number of resolved proton and alpha-particle intervals are not the same. Further, the numerical scheme used to parameterize the distributions generally finds the perpendicular components more easily than the parallel, resulting in more perpendicular than parallel and total component intervals. Since we do not directly compare perpendicular and parallel or perpendicular and total, we did not eliminate fit results satisfying Constraints 1 and 2 if only the perpendicular solution was valid.
Note that the electron data set does not include burst data often triggered by solar wind transients (e.g., shocks). This partly limits the direct comparison between all periods and those excluding interplanetary (IP) shocks for any parameter depending upon electron moments.
SOLAR WIND STATISTICS
In this section we introduce and discuss the onevariable statistics and distributions of T s,j , (T s ′ /T s) j , and βs,j. In Tables 1, 2 , and 3 all sections satisfy Constraints 1 and 2. The formats of Tables 1, 2 , and 3 and Figures 1, 2, and 3 are all the same, respectively.
Since none of the parameters have fully Gaussian distributions, we use the median and lower and upper quartile values rather than mean and standard deviation in the tables. These values more accurately represent the data and are less biased by tails. The median values are shown in each of the figure panels as well.
Plasma Temperatures
In this section we introduce and discuss the onevariable statistics and distributions of T s,j for electrons (s = e), protons (s = p), and alpha-particles (s = α). Note that the solar wind is a non-equilibrium, weakly collisional, kinetic gas. Temperatures in such a gas are more representative of the average kinetic energy in the species bulk flow rest frame than the thermodynamic variable. Thus, we we report temperatures in units of eV rather than K. One can easily convert to kelvin by multiplying any number in eV by ∼11,604 KeV −1 . Table 1 and Figure 1 show the one-variable statistics and histograms of T s,j under the four solar wind categories defined in Section 2. The first section of Table 1 shows the one-variable statistics for all good data. The ranges for T e,j are much more restricted than for T p,j and T α,j . The mean values (see Supplemental ASCII file) for T e,j and T p,j are similar but the median values T e,j are higher than for T p,j . Interestingly, a comparison between the first two sections show little difference, i.e., the exclusion of IP shocks does not appear to affect the mean or median of any of the temperatures, which is unexpected as ions are often more strongly heated than electrons (Wilson III et al. 2010) . What does appear to affect the temperatures are the so called magnetic obstacles (MOs) associated with ICMEs (e.g., Nieves-Chinchilla et al. 2018) . Although this is somewhat expected as the time periods with MOs are partly defined by low T p,tot and/or low βp,tot, there is rarely a requirement put on the alpha-particle parameters yet they show distinct differences as well. Figure 1 shows color-coded histograms of the total (magenta), parallel (blue), and perpendicular (green) components of T s,j for electrons (first column), protons (second column), and alpha-particles (third column). Overlaid are color-coded vertical lines showing the median values for each component, under each set of solar wind conditions (separated by rows) listed in Table 1 . Note that the rows in Figure 1 correspond to the sections in Table 1 . One can see that T p,j and T α,j have a much broader distribution for all j under all conditions than T e,j . It is not clear why T α,j exhibits a double-peaked distribution at ∼4 and ∼70 eV for all conditions except during MOs. We suspect this is related to the interpretation of Maruca et al. (2013) where the plasma leaves the solar corona in a super-mass-proportional temperature state and slowly relaxes as it propagates to 1 AU, i.e., the plasma starts with (T α/T p) tot > 4 in the solar corona. Table 1 . In each panel, there are three color-coded histograms for the different components defined as follows: total (magenta); parallel (blue); and perpendicular (green). The color-coded vertical lines are the median values (values found in Table 1 ) of the distributions for the corresponding color-coded histograms.
The majority of temperatures were in the range ∼1-50 eV with ∼98% satisfying 5 eV < T e,tot < 20 eV, ∼92% satisfying 1 eV < T p,tot < 30 eV, and ∼86% satisfying 1 eV < T p,tot < 50 eV. The extrema for T s,j are the minority because the distributions are centrally concentrated. For instance, only ∼0.3% satisfy T e,tot < 5 eV, in contrast to ∼28% and ∼26% satisfying T p,tot < 5 eV and T α,tot < 5 eV, respectively. In the opposite extreme, only ∼1.5% satisfy T e,tot > 20 eV, in contrast to ∼2.1% and ∼3.1% satisfying T p,tot > 50 eV and T α,tot > 100 eV, respectively.
Temperature Ratios
In this section we introduce and discuss the onevariable statistics and distributions of (T s ′ /T s) j for electron-to-proton (s ′ = e and s = p), electron-to-alphaparticle (s ′ = e and s = α), and proton-to-alpha-particle (s = p and s = α) ratios. Table 2 and Figure 2 show the one-variable statistics of (T s ′ /T s) j under the four solar wind categories defined in Section 2. Similar to T s,j , the only solar wind condition that appears to show a significant effect on any of the (T s ′ /T s) j ratios is the periods during MOs. The mean and median values for (T e/T s) j are larger during these periods, consistent with MOs showing little effect on T e,j but strongly depressing T p,j and T α,j . The distinctive double-peak in (T α/T p) j in the third column of Figure 2 is consistent with previous observations (e.g., Kasper et al. 2006 Kasper et al. , 2008 . The first peak near unity would correspond to thermal equilibrium between the two ion species in a collisionally mediated gas. The second peak near four would correspond to equal thermal speeds, but we suspect this results from supermass-proportional heating in the corona that has not yet thermalized .
In contrast, the electrons almost never exhibit massproportional temperatures with either the protons or alpha-particles but ∼49% satisfy 0.5 < (T e/T p) tot < 1.5 while ∼32% of (T e/T α) tot and ∼34% of (T α/T p) tot satisfy the same criteria. Thus, a sizable fraction of the time the electrons, protons, and alpha-particles are near thermal equilibrium with each other. The higher ratio for electrons and protons could result from the higher electron-proton than proton-alpha and electronalpha Coulomb collision rates in the solar wind (e.g., Spitzer & Härm 1953; Borovsky & Gary 2011 ) (e.g., see Section 3.4 and Appendix B) or it may be a reflection of the primordial solar wind near the sun (e.g., Kasper et al. 2017) . It is important to note that the collision rate is not the heating or heat-exchange rate. An interesting aside is that (T e/T p) ⊥ > (T e/T p) is satisfied only ∼17% of the time while (T e/T α) ⊥ > (T e/T α) is satisfied ∼32% of the time. However, the median values for (T s ′ /T p) ⊥ are larger than (T s ′ /T p) (s ′ = e or α) for all four solar wind categories in Table 2 . The opposite is true for the electron-to-alpha-particle ratios. What may not be captured here is the energy-dependent interactions between waves/turbulence and charged particles. For instance, it is known that electrostatic ionacoustic waves can generate anisotropic, energetic ion tails while simultaneously generating anisotropic heating of the core electrons (e.g., Dum 1978a,b) . The net effects may not significantly alter the total temperatures of either species, as seen in previous studies (e.g., Wilson III et al. 2010 ). However, a detailed investigation of the heating mechanisms and subcomponents of each species is beyond the scope of this work.
The double-peak in (T e/T α) j in the second column of Figure 2 has local maxima near ∼0.2 and ∼2.0. This appears to be a consequence of the combination of a double-peaked T α,j spanning the single-peaked T e,j seen in Figure 1 .
The majority of data were in the range ∼0.5-5.0 with ∼88% for (T e/T p) tot , ∼61% for (T e/T α) tot , and ∼92% for (T α/T p) tot . Similar to T s,j , the extrema for (T s ′ /T s) j are the minority. For instance, only ∼9.7% satisfy (T e/T p) tot < 0.5, ∼1.5% satisfy (T e/T α) tot < 0.1, and ∼4.4% satisfy (T α/T p) tot < 1.0. On the opposite side, ∼2.3%, ∼1.7%, and ∼8.0% satisfy (T e/T p) tot > 5, (T e/T α) tot > 5, and (T α/T p) tot > 5, respectively.
Plasma Betas
In this section we introduce and discuss the onevariable statistics and distributions of βs,j for electrons (s = e), protons (s = p), and alpha-particles (s = α). Table 3 and Figure 3 show the one-variable statistics of βs,j under the four solar wind categories defined in Section 2. Both βe,j and βp,j have median values near unity under all conditions except during MOs. The smaller median values of βα,j are likely dominated by the consistently smaller nα values in the solar wind. Again, all three regions for each βs,j look the same except for periods during MOs, which are statistically smaller for all species (by roughly an order of magnitude for protons and alpha-particles). Curiously, the βe,j are much lower during MOs despite the T e,j values being roughly the same under all four solar wind categories implying smaller ne during MOs.
Note that care should be taken when reading the range of possible βs,j under all conditions (i.e., first section in Table 3 ). Although our stringent criteria outlined in Section 2 were intended to remove unphysical results, such extremes in βs,j should be viewed with additional scrutiny. For instance, only ∼0.5% satisfy βe,tot < 0.1, Table 2 . In each panel, there are three color-coded histograms for the different components defined as follows: total (magenta); parallel (blue); and perpendicular (green). The color-coded vertical lines are the median values (values found in Table 2 ) of the distributions for the corresponding color-coded histograms. Table 3 . In each panel, there are three color-coded histograms for the different components defined as follows: total (magenta); parallel (blue); and perpendicular (green). The color-coded vertical lines are the median values (values found in Table 3 ) of the distributions for the corresponding color-coded histograms.
Number of Events
∼4.9% satisfy βp,tot < 0.1, and ∼0.6% satisfy βα,tot < 0.001. In contrast, only ∼2.6% satisfy βe,tot > 10, ∼1.5% satisfy βp,tot > 10, and ∼1.8% satisfy βα,tot > 1. The majority of electron and proton betas were in the range ∼0.5-5.0 with ∼78% satisfying 0.5 < βe,tot < 5.0, ∼73% satisfying 0.5 < βp,tot < 5.0, while ∼78% of the alphaparticle betas satisfied 0.01 < βα,tot < 0.5.
Collision Rates
In this section we introduce and discuss the onevariable statistics and distributions of the classical binary Coulomb collision frequency (e.g., Krall & Trivelpiece 1973; Schunk 1975 Schunk , 1977 Spitzer & Härm 1953 ) for a 90
• deflection angle between particles of species s and s ′ (see Appendix B for definitions and details). We also estimate the effective wave-particle interaction rates between electrostatic ion-acoustic waves and particles (e.g., see Wilson III et al. 2014a,b , and references therein). We use electrostatic ion-acoustic waves, in- stead of other modes, for four reasons: they are common in the solar wind (e.g., Gurnett et al. 1979) , they interact with both ions and electrons (e.g., Dum 1978a,b) , to compare to previous work (e.g., Wilson III et al. 2007 , and because there is an analytical expression for the collision rate comprised of measurable parameters. The purpose is to compare with Coulomb collision rates to determine whether wave-particle interactions should be considered in modeling the evolution of the solar wind from the sun to the Earth. When we calculated the particle-particle and waveparticle collision rates for all data satisfying Constraints 1 and 2 finding the minimum to maximum ranges:
If we compare the median values for different time periods, we find that the maximum collision rates for all rates defined by Equations B2a-B2f occur during MOs (i.e., Constraint 4). See the Supplemental ASCII files for the full statistical results.
If we compare these rates to the quasi-linear approximation for the effective collision rates (e.g., see Equation  B4 and Wilson III et al. 2014a,b, and references therein) between ion-acoustic waves and particles, νiaw, we find νiaw ∼ 6 × 10 −5 -3 × 10 −3 # s −1 with a median of ∼ 5 × 10 −4 # s −1 . Here we used the typical amplitudes observed in the solar wind of ∼0.1 mV/m (e.g., Gurnett et al. 1979) . Note for every order of magnitude change in the electric field amplitude, νiaw will change by two orders of magnitude. We should also note that Equation B4 is known to give rates that ∼2-3 orders of magnitude too small (e.g., Petkaki & Freeman 2008; Yoon & Lui 2006) . We still use this equation, however, because it always underestimates the net effect of the waves so it can serve as a lower bound for wave-particle interaction rates. If we look at the ratio of the ionacoustic to Coulomb collision rates, we find:
Thus, the wave-particle collision rates are ∼3-3 × 10 +7 times larger than the Coulomb collision rates, even when considering very low amplitudes. We will discuss this further in Section 4.
DISCUSSION AND CONCLUSIONS
We present a long-duration (i.e., over a span of ∼10 years) statistical analysis of the temperatures, temperature ratios, and plasma betas of electrons, protons, and alpha-particles observed by the Wind spacecraft near 1 AU. The primary purpose of this study is to provide a convenient and comprehensive statistical summary of the electron, proton, and alpha-particle plasma parameters 4 near 1 AU. The last long-duration (i.e., more than 1 year) statistical study comparing electrons with protons was published 20 years ago (i.e., Newbury et al. 1998 ) and relied upon only 18 months of ∼5 minute averaged data (i.e., ∼160,000 measurements). This study uses nearly 10 years of data spanning from the end of solar cycle 22 through much of solar cycle 23 (i.e., >1,000,000 measurements) with time periods separated into four categories (see Section 2 for definitions): all times (Constraints 1 and 2), all times excluding interplanetary (IP) shocks (Constraints 1-3), only times within magnetic obstacles (MOs) (e.g., Nieves-Chinchilla et al. 2016 (Constraints 1, 2 , and 4), and all times excluding MOs (Constraints 1, 2, and 5). Below we discuss the observations and present the conclusions. Tables 1, 2 , and 3 and Figures 1, 2, and 3 show that the only time periods that appear to significantly 4 It is not the purpose of this work to detail the properties of the subcomponents of each particle species (e.g., halo electrons, proton beams, etc.), which is beyond the scope of this study and some of which will be addressed in detail in a future study [e.g., Salem et al. in preparation] . We also did not provide an in-depth, physical interpretation of the plasma parameters as that will also be addressed in future work.
Discussion
affect the parameters are those during MOs, not IP shocks. In fact, the only parameter that does not appear to show a significant difference inside vs. outside of MOs are the T e,j data. This causes the electrondependent temperature ratios to be higher on average during MOs than the ion-only ratios, since the both the proton and alpha-particle temperatures decrease during MOs. That the electron temperatures are not significantly affected by MOs may be indicative of their higher mobility/conductivity than the ions. However, their betas are lower so either the densities drop or magnetic fields increase (most likely the latter based on the MO definition criteria).
The median scalar temperatures (see Table 1 ) and plasma betas (see Table 3 ) are consistent with previous studies (e.g., see Table 4 and 6 for references) but the median temperature ratios (see Table 2 ) are lower than most previous observations (see Table 5 for references), despite sharing similar observed data ranges for each ratio. The differences are magnified when we compare the temperature ratios during MOs (i.e., Constraint 4) to previous studies that focused on ICMEs and MOs. For instance, previous studies reported much larger average values for (T e/T p) tot (i.e., ∼4-6) than these observations (i.e., ∼1.6±1.3). The electron velocity moments from previous studies may have been calculated over reduced energy ranges, which could account for some of this difference. The spacecraft potential, which must be corrected for in order to obtain accurate electron moments, may also have have been less precisely measured in prior missions.
Many previous studies used instruments that had energy ranges consistent with only EESA Low (i.e., 1 keV) while this work includes EESA High (i.e., 30 keV). Further, only a few missions, including Wind, have been able to accurately measure the upper hybrid line providing an unambiguous value for the total electron density, ne. The values of ns (see Section 2 for details) are used to compute T s,j from elements of the diagonalized pressure tensor of species s, assuming an ideal gas law, in nearly all velocity moment software, both past and present (e.g., larger ns for the same mean kinetic energy density will result in smaller T s,j ). Thus, more accurate ns should produce more accurate T s,j . We suspect that the improved accuracy of the ne, and thus np and nα, improved the temperatures values over some previous work which has altered the corresponding temperature ratios. For example, this can be seen when one examines the study by Skoug et al. (2000) , where their average values for T e,tot , T p,tot, and (T e/T p) tot inside ICMEs were ∼9.2 eV, ∼2.0 eV, and ∼6.8, respectively, compared to these average values of ∼11.1 eV, ∼7.7 eV, and ∼2.6, respectively.
As we showed, the wave-particle collision rates are ∼10 +0 -10 +7 times larger than the Coulomb collision rates, even when we use very low amplitudes. It is known that ion-acoustic wave amplitudes can be more than three orders of magnitude larger than the 0.1 mV/m used here (e.g., Wilson III et al. 2007 , 2010 , which would increase νiaw by six orders of magnitude. A potential application of these statistical observations is for instability analysis. For instance, the growth rate threshold was predicted to critically depend upon the (T e/T p) tot ratio for electrostatic ionacoustic waves 5 , specifically growth is only supposed to occur when (T e/T p) tot 3. We find this criterion is satisfied ∼12.4% of the time 6 for data satisfying Constraints 1 and 2. This is important since electrostatic ion-acoustic waves are known to interact with both the electrons and ions and are observed ubiquitously in the solar wind (e.g., Gurnett et al. 1979) , at current sheets (e.g., Malaspina et al. 2013) , and at IP shocks (e.g., Wilson III et al. 2007 ).
The collision rates from Appendix B show that even for conservatively low wave amplitudes, the median values of the ratio between the wave-particle and particleparticle collision rates range from ∼10 +0 -10 +7 . If we assume ion-acoustic waves occur whenever (T e/T p) tot 3 (i.e., ∼12.4% occurrence rate), then we can adjust the collision rate ratios by this fractional occurrence rate to find the ratios of the net effects from either type of collision 7 . Then the median ratios would change to ∼10 −1 -10 +6 . To ensure that νiaw is always greater than ν ss ′ with the ∼12.4% occurrence rate correction, the wave amplitudes would need only increase to ∼0.17 mV/m, consistent with numerous solar wind observations (e.g., Gurnett et al. 1979; Malaspina et al. 2013 ).
Suppose we further limit the occurrence rate by the rate of current sheet crossings near 1 AU. Malaspina et al. (2013) reported that roughly 942 current sheets were observed per day, which is a ∼1.1% occurrence rate. If we couple that with the ∼12.4% rate for satisfying (T e/T p) tot 3, then we have a ∼0.14% net occurrence rate. This would reduce the collision rate ratios from ∼10 +0 -10 +7 down to ∼10 −3 -10 +4 . Using the same logic as before, these ratios would approach unity if the wave amplitudes were increased to at least ∼1.7 mV/m. Again, this is not an unrealistically large amplitude for ion-acoustic waves in the solar wind (e.g., Gurnett et al. 1979; Malaspina et al. 2013 ) and much smaller than those observed at IP shocks (e.g., Wilson III et al. 2007 , 2010 .
The primary limitation of assuming a collision rate between particles and ion-acoustic waves is the lack of a statistical study of the true occurrence rate and amplitudes of such modes in the solar wind. The closest study was performed nearly 40 years ago by Gurnett et al. (1979) using dynamic spectra measurements of solar wind electric and magnetic fields from Helios and Voyager. It is well known that dynamic spectra measurements underestimate wave amplitudes by up at least an order of magnitude when the waves are composed of short duration, bursty wave packets (e.g., Tsurutani et al. 2009 ). Thus, the ratios above would increase by two orders of magnitude for instantaneous wave amplitudes. Further, the wave-particle collision rates from Equation B4 are known to be ∼2-3 orders of magnitude too small (e.g., Petkaki & Freeman 2008; Yoon & Lui 2006) . If we only include the collision rate correction, then the ∼1.7 mV/m amplitude would reduce to ∼0.017 mV/m to match the net effects contributed by Coulomb collisions, even with the ∼0.14% net occurrence rate correction factor.
Perhaps another way to express the differences is to revisit the collision rate ratios. If we include the ∼0.14% net occurrence rate correction factor but increase the contributions from wave-particle collisions by ∼3 orders of magnitude (i.e., to account for known underestimations in theory and observations), the ratios increase to ∼4-3 × 10 +7 . That is, there would need to be at least three Coulomb collisions for every collision with an ionacoustic wave, which would correspond to roughly 11 days 8 for the fastest Coulomb collision rate and ∼2380 days for the slowest.
Conclusion
We summarize the observations by showing the mean(median) [standard deviation] for each parameter for all time periods (i.e., satisfying Constraints 1 and 2) analyzed. Note that none of the distributions are symmetric (i.e., they all have a finite skewness), so the interpretation of the mean and standard deviation should be taken with that in mind. For instance, the standard deviation can exceed the mean and/or median (e.g., T α,tot). 
(for 0.1 mV/m wave amplitude) The results are relevant for long-term statistical models and parameter range limits in empirical models. These observations are also relevant to comparisons with astrophysical plasmas like the intra-galaxy-cluster medium. Finally, this work will provide a statistical baseline for the upcoming Solar Orbiter and Parker Solar Probe missions and future IMAP mission. In this appendix we summarize the symbols and parameters we use throughout. In the following, for all temperaturedependent parameters we define j to represent the entire distribution (j = tot), the parallel component (j = ), and the perpendicular component (j = ⊥). The parallel and perpendicular are with respect to the quasi-static magnetic field vector, Bo [nT].
The standard one-variable statistics symbols are defined as follows: minimum ≡ Xmin, maximum ≡ Xmax, mean ≡ X, median ≡X, standard deviation ≡ σx, lower quartile ≡ X 25% , and upper quartile ≡ X 75% . We use the following parameter definitions herein: εo and µo are the permittivity and permeability of free space; kB is the Boltzmann constant; ns is the number density of species s [cm 
These definitions are used throughout.
C. PREVIOUS MEASUREMENTS
In this appendix, we summarize, by way of tables, the observations of previous solar wind studies of the parameters examined herein. Table 4 . For symbol definitions, see Appendix A. Maruca et al. (2012) ∼0.02 to >30 Vech et al. (2017) ∼0.01-100 Maruca et al. (2012) β α, < 0.003 to ∼6
Note-Definitions/Symbols are the same as in Table 4 . For symbol definitions, see Appendix A.
